In recent years a large number of floods occurred in the Dongting Lake region, China, and flood prevention and control have become a focus in the middle Yangtze River. How to use the dispersed sub-fast-flood storage area in Dongting basin rationally and control water level and flow process will improve flood prevention ability. In this paper an improved systematic flood simulation method coupling one and two-dimensional hydraulic model is established aiming at special area. The flood evolution process, different flood discharge scale, flood storage and embanking effect are simulated according to the changing spatial gate position and extra flood magnanimity for the typical hydrologic years. An optimized scheduling scheme by using the parallel algorithm and numerical computing method is preferred in different flood periods. The research results indicate the optimized flood diversion gate and operation scheme in three shunts river system will directly control the water level in the whole lake region. The research results provide practical basis for systematic floods control and is helpful to assess flood disaster in Yangtze River basin.
Introduction
Dongting lake, the second largest freshwater lake of China, is located at the south bank of the Jingjiang section of middle Yangtze river with north latitude 28 ° 30 '~ 30 ° 23' and longitude 111 ° 14 '~ 113 °. Owing to the especial location and complicated geographic features, Dongting lake region plays an important role on flood prevention of Yangtze River. The area of Dongting Lake region is 30×10 4 km 2 . Based on natural shape, it can be divided into East, South, West Dongting lake, with the lake area of 2625km 2 and the volume of 167×10 8 m
3
. Dongting lake, with total area 18780km 2 , is also one of the two lakes connecting to the middle Yangtze River. Water and sediment of Yangtze River flow into lake from four ports, namely Songzi, Taiping, Ouchi and Tiaoxian port, and four rivers including Xiang, Zi, Yuan and Li river and lake influx, all the water flows into the Yangtze River through Chenglingji outlet, thus formulating a complex water system of the middle Yangtze River. The annual water volume from Dongting Lake is about 3000×10 8 m 3 . The main channels into Dongting Lake which are derived from Jingjiang River are Songzi River, Hudu River and Ouchi River. Numerous branches and multiple indefinite flows connecting with each other import the East, South Dongting Lake, constitute a complicated river network system. The flood simulation condition is therefore complex and is of great importance for the floods of the Yangtze River with different characteristics and the storage and discharge of Dongting Lake. The water system of study region is shown in Fig.1 . Water system of Dongting lake region
In the past 50 years, the temperature of Dongting Lake basin significantly is elevated, the increased human destruction and climate extreme events can induce flood or drought in the basin, Dongting Lake region is becoming the most frequent heavy rain events area of the whole Yangtze River basin. Meanwhile the limited flood discharge capacity of Chenglingji and Jingjiang River allows a large number of floods to aggregate in Dongting Lake, this region faces sharp conflict of storage and discharge. According to statistics, the annual mean value of synthetic peak flow into the lake is 40200m 3 /s, and the average peak flow out of the lake is 28800m 3 /s. In addition, 24 flood storage areas are distributed in the lake with the total flood storage capacity of 163×10 , which can discharge excess flood and reduce peak flow. This shows that Dongting Lake area has severe problems in flood control. To reduce peak flow of the downstream of Chenglingji and to control flood peak level has became an effective means in basin disaster prevention. So it is important and effective to simulate the floods process and optimize the floods scheduling in the Yangtze River Flood Control System. Considering the complex network-lake features, the flood diversion-storage function and the flood risk, this paper established a coupled one and two dimensional hydraulic model, simulated and analyzed the scenario of storage and detention operation in the region, carried out flood storage polder to find a rational flood control strategy.
Coupled numerical simulation model of runoff

One-dimensional Simulation Model of River System
One-dimensional river model mainly adopts Preissmann four-point implicit scheme, and uses SaintVenant equations to discrete adjacent sections. Then a river system equation including the discharge and water level of the first section and of the last section are formulated. In the paper the Continuous flow and Momentum conservation equations are listed as the following.
Where A is the cross section area, Q is flow, q is flanking inflow per unit length, n is the roughness coefficient, R is hydraulic radius, Z is water level, is momentum correct coefficient and g is acceleration of gravity. The boundary condition is water level process, the discharge process as upper boundary or discharge curves as the upper and lower boundary section. Nodes can be connected by balancing the discharge flowing in and out of the node and the change rate of flow, as shown in (3).
Where, M is the total node number of river network, ( ) l m is the reach number connecting to node m , 1 , n m l Q is the discharge that kth reach flows in (out of ) note m , Q m n 1 is other inflow except confluence reach of node m , and m the water storage of node m. Node momentum conservation conditions are related to whether to consider the velocity head and the resistance loss at endpoint of each reach. In this paper it is assumed all the endpoints of each reach have the same water level and can be expressed as (4) .
Two-dimensional Simulation Model of Lake
The model uses the conservation form of two-dimensional shallow water equations as (5) - (7) to subdivide the solution region using unstructured triangular meshes in Dongting lake. In this paper the flux vector splitting scheme (FVS) format is chosen to calculate numerical flux across cell boundaries of flow model. 
Where h is the water depth, u and v is respectively vertically-averaged flow velocity in x and y . 
Coupling Conditions
In this study, the upstream boundary condition of the established two-dimensional model is the flow process obtained from one-dimensional model, while the downstream boundary of one-dimensional model is the water level simulated by the two-dimensional model. The two models alternately numerically solve with parallel computing, and then the results are transported in the coupling boundary to achieve coupling. The flood diversion of detention basin is realized by generalizing the connection entrance of river channel or flood channel with the detention basin into broad crest weir, the flow of the entrance of flood diversion is calculated as broad crest weir, and the weir formula is considered as the inner boundary conditions of one-dimensional calculation.
Non-submerged flow, 
Numerical Simulation of flood distinction
Flood Simulation and Model Calibration
The flood disasters in Dongting Lake are mainly caused by Yangtze River floods and the floods of four rivers of Dongting lake, such as the corresponding floods and Dongting Lake. The largest 30d flood volume is generally more than 1200 × 10 8 m
3 . An analysis on 30d flood volume of the typical flood in Dongting Lake area is shown in Table 1 . In accordance with the above principles and the basic data under the conditions of river and lake, based on the actual flood propagation, the flood routing model of the middle Yangtze River which considers day as time step is establish. The reach from Yichang to Luoshan of Yangtze River, as well as the network of the three ports and four rivers of Dongting Lake area is generalized into looping river network. The Yangtze River reaches, three river systems and Li River, Caowei River, Zhuzikou River are simulated by the one-dimensional river network model, Xiang river, Zi river, Yuan river, Muping Lake, south Dongting Lake and east Dongting Lake are calculated using two dimensional model. River network model possess 95 nodes of the total river system, 122 rivers and 25 flood storage embankments. The overall trend of the terrain is reflected by the least grids, which have reasonable distant-thickness and radual transition. The number of computational grid nodes is 7484, with 6666 units. The roughness of the lake is chosen as 0.02 empirically during flood propagation process. The one-dimensional model and two-dimensional model are coupled at Li River Tail, Nan zui, the end of Caowei River, Zhuzikou and Chenglingji.
According to observed flood process in year 1996 -2003, the roughness of the channels for onedimensional river network model and of the lake units for two-dimensional model are determined and tested, the average value of channel roughness is 0.025, and its range is 0.016-0.036. With the monitoring flood processes in typical year, 8 control stations water level and runoff of Dongting Lake area are simulated. The maximum error of water level during flood peak is 0.23m. Except a few points, the simulation errors of flow are all less than 5%, indicating the model can better simulate actual flood. However in the paper only the stage-discharge processes of Luo shan station with the worst simulation results are as shown in Fig.2 and Fig.3 . 
Flood Diversion-detention Simulation
According to these basic principles and river basin flood control planning, the water level of lotus pond near Chenglingji is controlled no more than 32.45m. Flood regulation is simulated under the distribution changes of floodwater stored entrance according to typical flood progress in Jun.-Aug. in 1998. In order to simulate more accurately to predict the weakening degree of flood after switching-off flood stored, the model calculated a total of eight boundary flow, take measured water level and flow as upstream boundary, consider the flow of one-dimensional model as the upper boundary of twodimensional model, the downstream boundary of one-dimensional model is the water level of twodimensional simulation, the parallel numerical solution process of the two models transmits alternatively in the coupling boundary calculations to achieve coupling. Selected observation points corresponding with the gate reflect the lake water level changes in the process. For Dongting Lake area in 1998, optimal scheduling simulation results of flood diversion and storage and simulation without flood diversion are expressed in table II. As the Dongting Lake has 24 flood store folder, the paper lists only a kind of gate scheduling simulation results. The process of volume change of several typical flood storage folders in the four kinds of typical year after switching-off flood stored is shown in Fig.4-5 . From the simulation results it can be concluded that after reaching the first level peak storage rate of each polder is the highest in 1998. Each flood storage polder will also reach follow-up level peak. The polder of the Lake Flood peak reduction effect and regulation and storage capacity are greatly reduced. Calculation shows that the total storage capacity of is 64. 
Conclusions
This paper simulates the basin flood through the coupling model of one dimension and twodimension in Dongting Lake system, which aims at water control level, layout and arrangement of flood diversion gate and other key issues involving the flood diversion and storage of the Lake. Without the influence of the water level of Yangtze River, the optimized space locations of the flood diversion gate, which have a direct effect on controlling the water level is simulated through the floods process in 1998. The study indicates that if gate is adjusted appropriately, it will greatly improve and ease the high water level risk. Thus, for specific flood types, using optimized storage and detention functions of system and establishing multi-level flood system have significant effect on the whole system flood control.
